The origin of poxvirus hemagglutinins has remained obscure since the early work of Chu (7) which suggested that the vaccinia virion could be *separated from its hemagglutinin. During the intervening years, the vaccinia hemagglutinin has been the object of numerous investigations which attempted to characterize this particle. This task was further complicated by the finding that vaccinia-infected chorioallantoic membranes contain both virus-specific and normally-occurring hemagglutinins (24) . Detailed information on the chemical composition of the hemagglutinin is lacking; however, the studies of Stone (20) suggested that phospholipids were essential components. Gaush and Youngner (10) further characterized the vaccinia hemagglutinin lipids and showed that definable changes occurred in the lipid complement of chicken chorioallantoic membranes following infection by the virus. More recently, Neff et al. (15) concentrated and partially purified the vaccinia hemagglutinin from a variety of infected cells. They found that the density of the hemagglutinin varied as to the tissue or cell of origin. This finding would suggest that, although the hemagglutinin is synthesized under the direction of the viral genome, the host cell plays an important role in the biosynthesis of the particle.
Despite the studies cited here and the others concerned with poxvirus hemagglutinins (12) , the origin of the vaccinia hemagglutinin has not 1 This work was reported in part at thc 70th Annual MeetirLg of the American Society for Microbiology, 26 April-I May 1970.
A portion of this study was taken from a dissertation submitted to the University of Cincinnati in partial fulfillment of the requirements for the Ph.D. degree. 2 Present address: Meloy Laboratories, Springfield, Va. 22151. been elucidated. Consequently, we reexamined this problem by exploring a possible relationship between the vaccinia hemagglutinin and the hemadsorption of chicken erythrocytes (19) and the vaccinia-infected cells cultured in vitro. This approach yielded data which suggest that the vaccinia hemagglutinin is derived from the plasma membrane of the vaccinia-infected cell.
MATERIALS AND METHODS Cell cultures and virus. HEp-2 cells were grown in suspension culture (2) . The IHD strain of vaccinia virus was obtained from the American Type Culture Collection (Rockville, Md.) and passed eight times through HEp-2 cells before preparation of a single virus pool used throughout this study. Infectivity titrations were carried out as previously described (5), except that plaques were counted 60 hr after infection. Newcastle disease virus (California strain 11914) was propagated in embryonated hen's eggs (13) .
Hemadsorption. To 0.1 ml of a 0.5% suspension of fresh, washed chicken erythrocytes in phosphate-buffered saline (PBS) was added an equal volume of vaccinia-infected HEp-2 cells. The concentration of infected cells was adjusted to a number appropriate for enumeration and observation under high-power magnification. Cell suspensions were thoroughly mixed on a microscope slide for 5 min prior to observation, and only those infected cells which adsorbed at least two chicken erythrocytes were counted as hemadsorption-positive cells. (8) showed that the capacity of erythrocytes from individual chickens to interact with vaccinia hemagglutinin is genetically determined. They reported an almost complete correlation between the vaccinia hemadsorption and hemagglutination reactions. In contrast, Driessen and Greenham (9) found that, while all of the chickens which they tested yielded hemadsorption-positive erythrocytes, only half of these gave positive hemagglutination reactions. It (16) . When examined by phase-contrast microscopy, bands f and h contained many plasma membrane ghosts and membrane fragments. These were especially numerous in band h, which also exhibited high 5'-adenosine monophosphatase and vaccinia hemagglutinin activities. Fraction e at the top of the tube was slightly turbid and contained microvesicles most likely of membrane origin (3). This fraction exhibited considerable 5'-adenosine monophosphatase and hemagglutinin activity. Fraction i (pellet) contained large bits of dense cellular debris. These experiments suggested that the majority of the vaccinia hemagglutinin is intimately associated with the plasma membrane of the infected cell.
The possibility did exist, however, that internal membranes or other subcellular structures released by the homogenization procedure might give rise to hemagglutinin. An attempt was made to rule this out by the following experiment. HEp-2 cells were infected with vaccinia virus and harvested 18 Washed cells were suspended in 5.0 ml of 1%jo crystalline trypsin in phosphate-buffered saline (pH 7.2) and incubated at 37 C for 1 hr. 6 Eighteen-hour vaccinia-infected cells (108) were sonically disrupted and employed as hemagglutinin without further treatment.
unlikely since the majority of cells failed to take up trypan blue. In this regard, Zajac and Crowell (25) found that trypsin treatment of cultured cells under conditions similar to those employed here stabilized cell viability, as tested by trypan blue exclusion and cloning experiments. Furthermore, we have repeatedly examined vaccinia-infected HEp-2 cells (12 to 24 hr) for leakage of intracellular proteins (4) and have found none to occur. This would suggest that the functional integrity of the membrane relative to larger molecules remained intact during the infection. Although indirect, this evidence would argue against trypsin entering the cell and degrading intracellularly bound hemagglutinin.
Vaccinia hemagglutinin derived from isolated plasma membranes. Direct evidence for the association of the vaccinia hemagglutinin with the plasma membrane was derived from experiments in which intact plasma membrane ghosts were tested for hemadsorption and, after sonic disruption, for hemagglutinin activity. Intact ghosts isolated from 18-hr vaccinia-infected cells retained the ability to adsorb chicken erythrocytes, whereas ghosts from uninfected cells were hemadsorption-negative. Hemadsorption-positive ghosts were sonically treated for predetermined periods of time and examined for hemagglutinin activity. In Fig. 4 (14) suggests that the Golgi complex is involved in the transport of NDV hemagglutinin to the cell surface. In the absence of any definitive information on this point, it may be speculated that the vaccinia hemagglutinin becomes associated with the plasma membrane of the infected cell by a similar mechanism. Future experiments will examine this idea in detail.
That the vaccinia hemagglutinin is derived from the plasma membrane of the infected cell is also inferred from previous studies. Thus, Chu (7) concluded that the vaccinia hemagglutinin is a lipoprotein, and more recently Gaush and Youngner (10) clearly established the lipid nature of this particle. Furthermore, Oda (17) showed that the treatment of vaccinia-infected cells with antivaccinia hemagglutinin antibody abolished hemagglutinin production, thus suggesting that the hemagglutinin was of cell surface origin. Taken as a whole, these studies support our contention that the disrupted or fragmented plasma membrane, altered in some manner by virus infection, is the vaccinia hemagglutinin.
Two important points concerning the vaccinia hemagglutinin remain unresolved at this time. These concern the exact chemical nature of the hemagglutinin and the manner by which its synthesis is directed by vaccinia virus. Our cursory electron micrograph examination of hemadsorption-positive cells failed to reveal any outstanding morphological features which might hint of an alteration in the structure of the plasma membrane. Gross structural rearrangement of the plasma membrane, however, may not be a requirement for hemadsorption (and hemagglutination, in Finally, the second question, of considerable biological interest, concerns the mechanism by which the vaccinia virus genome directs the synthesis of the substance(s) involved in hemagglutination and hemadsorption and how these are transported to, and become associated with, the plasma membrane. Future experiments will attempt to clarify these points.
